Equilibrium and Kinetic Studies of Isomerization of (OC)5M[η1-PPh2CH2CH(PPh2)2] and (OC)5M[η1-PPh2CH(PPh2)CH2PPh2] (M=Cr, Mo, W) by Lin, Weiying
Eastern Illinois University
The Keep
Masters Theses Student Theses & Publications
1995
Equilibrium and Kinetic Studies of Isomerization of
(OC)5M[η1-PPh2CH2CH(PPh2)2] and
(OC)5M[η1-PPh2CH(PPh2)CH2PPh2] (M=Cr,
Mo, W)
Weiying Lin
Eastern Illinois University
This research is a product of the graduate program in Chemistry at Eastern Illinois University. Find out more
about the program.
This is brought to you for free and open access by the Student Theses & Publications at The Keep. It has been accepted for inclusion in Masters Theses
by an authorized administrator of The Keep. For more information, please contact tabruns@eiu.edu.
Recommended Citation
Lin, Weiying, "Equilibrium and Kinetic Studies of Isomerization of (OC)5M[η1-PPh2CH2CH(PPh2)2] and
(OC)5M[η1-PPh2CH(PPh2)CH2PPh2] (M=Cr, Mo, W)" (1995). Masters Theses. 1975.
https://thekeep.eiu.edu/theses/1975
THESIS REPRODUCTION CERTIFICATE 
TO: Graduate Degree Candidates (who have written formal theses) 
SUBJECT: Permission to Reprodu~e Theses 
The University Library is rece1v1ng a number of requests from other institutions 
asking permission to reproduce dissertations for inclusion in their library 
holdings. Although no copyright laws are involved, we feel that professional 
courtesy demands that permission be obtained from the author before we allow 
theses to be copied. 
PLEASE SIGN ONE OF THE FOLLOWING STATEMENTS: 
Booth Library of Eastern Illinois University has my permission to lend my 
thesis to a reputable college or university for the purpose of copying it for 
inclusion in that institution's library or research holdings. 
Author Date 
I respectfully request Booth Library of Eastern Illinois University not allow 
my thesis to be reproduced because: 
Author Date 
Equilibrium and Kinetic Studies of Isomerization of 
(OC)5M(11 1- PPh2CH2CH(PPh2) 2] and (OC)5M[11 1- PPh2CH(PPh2)CH2PPh2] 
(M=Cr, Mo, W) 
(TITLE) 
BY 
Weiying Lin 
THESIS 
SUBMITIED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF 
Master of Science in Chemistry 
IN THE GRADUATE SCHOOL. EASTERN ILLINOIS UNIVERSITY 
CHARLESTON. ILLINOIS 
1995 
YEAR 
I HEREBY RECOMMEND THIS THESIS BE ACCEPTED AS FULFILLING 
THIS PART OF THE GRADUATE DEGREE CITED ABOVE 
Ul'\IC: }\LJVl:>tK 
DATE DE~ARTMENT HEAD 
Equilibrium and Kinetic Studies of Isomerization of 
(OC)5M[T)1- PPh2CH2CH(PPh2) 2] and 
(OC)5M[T)1- PPh2CH(PPh2)CH2PPh2] (M=Cr, Mo, W) 
By: Weiying Lin 
Advisor: Dr. Richard L. Keiter 
Submitted date: Dec. 12, 1995 
Approved by the thesis committee: 
Dr. Ellen'A. Keiter Date 
Dr. Richard L. Keiter Date 
Dr. Norbert C. Furumo Date 
Dr. Daniel. J. Sheeran bate 
Abstract 
It has been found that (OC)sM[111-PPh2CH2CH(PPh2) 2] and 
(OC)5M[11 1- PPh2CH(PPh2)CH2PPh2] (M=Cr, Mo, W) exist in equilibrium in 
solution. This linkage isomerization is the first experimental evidence for the 
exchange of terminal and coordinated phosphorus groups in pentacarbonyl 
complexes of group 6 metals. 
(OC)5M[11 1- PPh2CH2CH(PPh2) 2] """ (OC)5M[111- PPh2CH(PPh2)CH2PPh2] 
(M = Cr, Mo, W) 
i 
In this work, equilibrium constants (K) at several temperatures were 
measured in order to obtain the values for the change of enthalpy (AH 0 ), the change 
of entropy (aS 0 ), and the change of free energy (aG 0 ) for the isomerization. The 
relative stabilities of the two linkage isomers were determined. Rate constants (k) at 
several temperatures were also measured for the isomerization of W and Cr 
complexes. From these, the half reaction time (t112), activation energy (E8 ), enthalpy 
of activation (aH¢), entropy of activation (aS¢), and free energy of activation (aG¢) 
were calculated. A mechanism was proposed for the isomerization. Energy 
diagrams were also plotted from the equilibrium and kinetic data. Phosphorus-31 
nuclear magnetic resonance spectroscopy was applied to monitor the change of 
concentration of the isomers. 
ii 
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Chapter I. Introduction 
Extensive work has been performed in the past several decades in the area of 
organophosphines which are important ligands in coordination and organometallic 
chemistry and are an essential component in many catalytic systems. Among the 
organophosphines, polytertiary phosphines have drawn a great deal of attention 
because they are versatile ligands capable of stabilizing transition metals in low 
formal oxidation states and capable of chelating or bridging a wide range of metal 
atoms in many different modes in order to meet steric and electronic specifications 
suitable for application to stoichiometric or catalytic reactions. 
Within this context, our particular concentration was focused on two 
polytertiary phosphines. These were 1,1-bis( diphenylphosphino )ethene (vdpp )_l and 
1,1,2-tris( diphenylphosphino )ethane (tppe) .,2. 
1 
PPh2 
I 
CH-CH2 
I 
Vdpp is a valuable ligand for the following two reasons: (1) the presence of the 
double bond in vdpp provides the opportunity for the preparation of many 
polyphosphines which have potential as poly- and ambidentate ligands, by addition 
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to the double bond by species with P-H bonds, and (2) it is a ligand with a somewhat 
larger bite than its saturated counterpart, bisdiphenylphosphinomethane (dppm) J, 
and is able to form complexes that can themselves undergo addition to the double 
bond. 
After its first synthesis in 1982, 1 vdpp attracted widespread interest and 
quite a few studies have been carried out. Following are some of these works. 
In 1985, Weber and Wewers reported 2 that the sulfur ylide complex 
[(C0)5Cr{CH2S(O)Mez}] reacts with vdpp to yield a complex in which the C=C 
double bond is preserved. To this double bond, carbon-, hydrogen-, phosphorus-, 
and sulfur nucleophiles are easily added (see Scheme 1). 
R'" Me 
R., Ph 
Scheme 1 
-c:o 
-Me~ 
X., H 
X "' D 
M 
Na 
K 
K 
Zl !tOH 11) iaru 
Nu 
C~C?!i 
CH(C:l~t)z 
CH(COCJYz 
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In a study of the synthesis of heterometallic complexes containing vdpp, 
Smith and coworkers observed 3 that binuclear rhodium complexes of vdpp are a 
common decomposition or side product of the reactions when [RhCl(CO)zh is used 
as a rhodium source. 
They also found-' that treatment of [Fe(CO)J(vdpp)), in which the vdpp ligand has 
formed a strained four-membered chelate ring including the iron atom, with 
[RhCl(C0)2h leads to the formation of the heterobimetallic complex [(C0)4Fe(µ.-
vdpp)Rh(CO)Cl), in which the ligand becomes part of a less-strained five-membered 
ring, as the major product via a ring-opening (or metal-insertion) reaction. 
CO Ph2 
I /P, 
OC- Fe, /C=CH2 + [RhCl(C0)2]i 
I P 
CO Ph2 
CH2 
11 
c 
I \ 
Ph2P PPh2 
I I 
(OC)4Fe--Rh(CO)CI 
Later they reported 5 that treatment of [(C0)4Fe(µ.-vdpp)Rh(CO)CI] with Me3NO 
leads to the slow formation of a heterometallic tetranuclear butterfly cluster 
CH2 
11 
C Me3NO 
2 I \ [Fe2Rh2(C0)8(µ.-vdpp)2] 
Ph2P PPh2 - 2CO 
I I -2CI 
(OC)4Fe-Rh(CO)CI 
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In 1991, they reported 6 an extension of the ring-opening reaction to 
ruthenium complexes. 
[Ru(115-C5~)Cl(vdpp)] + [{RhCl(CO)i}z] 
In 1988, Grist and coworkers investigated 7 the thermolysis ofvdpp 
complexes [Fe:(CO),(µ.-vdpp)] ~and [Fe;,(C0)10(µ.-vdpp)] ~and found that 
fragmentation of (Ph:P>zCCH1 is extensive; both P-CCH2 bonds are cleaved in step-
wise fashion to afford discrete phosphido and vinylidene ligands (see Scheme 2). 
Chapter I. Introduction 5 
(For Scheme 2. reagents and conditions: i. heptane reflux. 2 h: ii. u.v .. toluene. 16 h: 
iii, Fe(C0)5, u.v., toluene, 5 h; iv, Fe(C0)5, u.v., toluene, 5 days; v. heptane reflux, 1 
min: vi. heptane reflux. I h.) 
In 1991, Brunner and Limmer studied )j the addition of the optically active 
amines to vdpp which ~ives new P~ compounds. 
(Ph!PhC=CH! + H!N-CH-Me---
1 
Ph 
They also investigated'' the base-catalyzed addition of the optically active P-H 
phospholanes, tarpholanc and diopholane, to vdpp double bond which gave 
unsymmetrical chelate phosphines. 
Tarpholan 
Diopholan 
Both these addition products are used as cocatalysts in the hydrogenation of (Z}a-
'.'1-acetamidocinnamic acid, in the cross-coupling of 1-phenylethyl Grignard with 
vinylbromide, and in the hydrosilylation of acetophenone with diphenylsilane. 
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From an extensive study of the cyclometallation of differently substituted 
Schiff bases, Vila, Gayoso, and coworkers obtained io. 11• 12 a new type of 
cyclometallated complex of palladium(ll) with Schiff bases, in which the two metal 
centers are bridged by vdpp ligand and an acetato group or a halogen atom to give 
dinuclear 1:1 electrolytes. These species were obtained when the halide-bridged 
dimer/vdpp ratio is 1:1. When the molar ratio is 1:2 mononuclear complexes were 
obtained with the phosphine ligand chelated to the metal atom (see Scheme 3). 
Scheme3 
M90 MIO r+ MIO 
=xca =xca ' jy -~/> MIO P11 PF,-
'N/ ......... I I I , 
A A R 
ii 
" or::»-----
x-•· or x.a. 
(For Scheme 3, reagents: i, Na..X in aqueous acetone; ii, 1 equiv. vdpp in acetone; iii, 
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1 equiv. vdpp in acetone; iv. 1 equiv. vdpp ..... 'iH~PF" in acetone; v. 'iaX in aqueous 
acetone; vi, l equiv. vdpp + .N~PF6 in acetone.) 
In 1984, Schmitlbaur and coworkers reported 13 a facile synthesis of the 
compound cyclopropylidenebis(diphenylphosphine) which contains an activated 
cyclopropanc ring. 
Ph.P 
\ 
C=CH: 
I 
Ph!P 
They also found 1 ~· 1 ~· 1"· 1• that free vdpp ligand does not add weak nucleophiles such 
as alcohols, thiols, phosphines, or amines under mild conditions, but its C=C bond 
can be strongly activated by quaternization with alkyl halides or by oxidation of the 
phosphines with oxygen or sulfur. 
?h2P 
;c=CH: 
?h2P 
+ 
MePh2P, 
+,C=CH2 
:lllePh2P 
2. x- ix-
~OH 
R ='le or Et) 
Later they probed 111 the effects of (phosphine)metal complexation on the activation 
! Au(CO)Cl 
- !CO 
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of the vdpp double bond. 
Being interested in the modification of electrodes with metal complexes 
having potential electrocatalytic or catalytic properties, Higgins and coworkers 
successfully used 19 Michael addition to vdpp complexes to prepare thiophene- and 
pyrrole-functionalized metal-phosphine complexes for electropolymerization in 
1992. 
Pd(02CMe)2 + vdpp + 2-(3-thienyl)-ethanol --~ 
[Pd(02CMe)2{(Ph2P)iCHCH20CH2CH2C4H3S-3}J 
Nal 
[Pdl2 {(Ph2P)2CHCH20CH2CH2C4H3S-3} I 
Pd(02CMeh + vdpp + pyrrole ---
Nal 
[Pd(02CMe)i{(Ph2P)2CHCH2C4H3NH}J 
[Pdl2 {(Ph2P)iCHCH2C4H3NH} I 
Bernard L. Shaw and coworkers made a great deal of contribution to the 
development of the study of vdpp. They found 211 in their earlier attempt to 
synthesize functionalized tertiary phosphines that, although dppm can be 
deprotonated by strong bases such as LiBu", the resultant carbanion, PhzPCHPPh2-, 
is ambident and electrophiles attack it at both the carbon and phosphorus to give 
mixtures. However, when complexed to a Group 6 metal carbonyl, 
[(C0)4l\'l(Ph2PCHPPh2)J- reacts as a carbanion. In 1983, they reported 21 a novel 
Chapter I. Introduction 9 
and 'imple synthesis of a vdpp complex of the type [( COl~:\-1 frh::PO=CH:)PPh:J J 
()l=W or Cr). 
[(C0)~:\l(Ph::PCHPPh::JI 
In 1985. they reported ::z that the complex r<CO).i W {Ph2PC(=CH2)PPh2}J 
undergoes .\lichael type addition with a variety of amines, hydrazines. and carbon 
nucleophiles to give functionalized phosphine complexes whereas the free vdpp 
ligand is inactive towards these additions (see Scheme -4). 
Scheme -4 
\I 
/p"-. 
(OCJ,'N CHCH,NHN=CM•z 
. " / . ? 
\/ p 
~"-,/ " -p 
I \ 
coci w/ "cHCH NHN=CHO" 
/ " "o 
\I 
p 
/ '- Phz 
(0Cl4W'-. /CHCH2NHNRR' /p '-
/\ ---- COCJ4 W CH=CHz 
'?/ 
al ;:i : R' s H ?h z 
bl R: H, R': Me 
c:J ;:i: R' :M• 
\ I 
:> 
/" (QCJ~W" /CHCHz?Pliz 
? 
I \ 
\/ p 
/ "-, H 
; . 
-
., 
.,jj 
\ I 
':I 
/" coci,w C=CHC =CR 
". / H 
(0Cl4 N CHCHzC=:CR 
" / p p /\ I \ 
al R: ?Ii a) ,;:i : Pli 
b) R =JJ· tolyl l:ll R : JJ· tolyl 
\I R 
/p" ' _.r:i· 
(0Cl 4N i:HCH,NHC~ 
'-p/ • .,,, 
I \ 
al;:/ :H, R':M• 
!>) ;:i = °'4•, r:l'::H 
\ I 
? 
/ '\. 
COCJ~W" /:HCHzNRCHzCH=CHz 
? 
I \ 
a) R: H 
bl;:/: M• 
\I p 
/ " COC: 4w CHCH 2CH(C00Etl, 
" / . p 
I \ 
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(For Scheme 4, reagents and conditions: i, N~H.1·H~O, 5 min at ca. 60°C; H2NNHMe 
or H2NNMe2, 18 h, 90°C; ii, dissolution in acetone at 20°C; iii, salicylaldehyde, 1 h, 
80"C; iv, Cu(OAc)z in CH2Cl2-EtOH, 1min,20°C; v, PhCHMeNH2 (R- or S-), 16 h, 
NaCH(C02Et)z in THF, 16 h, 20°C; viii, LiC=CR + TMEDA in THF, 18 h, 20°C; 
ix, KOBu1 in propan-2-ol, 90 min, 80°C, then acidify; x, CHC13 + 40% aqueous 
KOH, 2 h, 55°C +phase-transfer catalyst; xi, Ph2PH + KOBu1 in THF, 3.5 h, 50°C.) 
Later, they reported 23• 24• 25 that vdpp, when complexed to a more polarizing 
metal such as Pt(ll) or Pt(IV), is also very highly activated towards lVlichael type 
additions and a variety of new complexes such as 
I 
M• •• I .• P._ .,.CHzNHR 
'Pt' 'C'' M•,.. I 'p./ 'H 
M• 
Ct. ,? 
Cl >:.:_p)cHCHzNHR 
H 
I I M•--- I /PR--c,.,Pf'h2 M~it'~----~ 
Me & CHz 
H 
can be prepared. They suggested that vdpp, when chelated to a single metal with a 
4-membered ring, is more likely to undergo Michael type additions than in larger 
rings or in open-chain structures because the strain in the 4-membered chelate ring 
will be relieved somewhat as the central carbon goes from sp2 ~ sp3 hybridization on 
Michael addition. 
In 1986, they reported 26 the synthesis of all three complexes [(C0)4M(vdpp)] 
(M=Cr, Mo or W) by treating M(C0)6 with vdpp and gave NMR and IR data. They 
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further concluded that in these vdpp complexes the :Vl(CO)i moiety would be a net 
electron withdrawing group thus polarizing the vinylidene double bond and making 
it susceptible towards Michael or conjugate addition. Some kinds of Michael 
addition products, such as [(OC)4 W(PPh2) 2CHCH2RI (R =Bu", CH3, CH(COOEt)i), 
from [\V(C0)4{(Ph2PhC=CH2}1 supported their theory. 
Also in 1986, they reported 27 that PdCl2 and particularly Pd(OAc)z induces 
very high activity of vdpp towards Michael additions. Their method constituted a 
simple and versatile way of synthesizing a wide range of Pd(Il)-functionalized 
diphosphine complexes which are increasingly used as catalysts in organic synthesis. 
In addition, they reported 26• 28 the conjugate addition of aryl carbanions and 
functionalized carbanions to the vinylidene double bond of complexes of the type 
[(OC).iM(vdpp)I. For the first time complexes of phosphines including functionalized 
phosphines were synthesized that would be difficult to make in other ways. 
hydrolysis 
[(OC)4M(vdpp)) + LiR ---
(R =Me, Bu", C6H4Me--4, C6H40Me-2, ChH3(0Me)i-2,6, C6H40H-2, 
C6H4{COOH)-2, CH2COPh or CH2COMe) 
They also found 2') that although treatment of [(OC)4W(vdpp)) with Li(C=CPh) 
results in no conjugate addition, in the presence of MeiNCH2CH2NMe2 smooth 
addition occurs to give [(OC)4W((Ph2P)iCHCH2C=CPh}J. It was noticed that a 
base-catalyzed prototropic isomerization of an acetylene to a conjugated diene 
system resulted due to the fact that the hydrogen on the carbon atom a to the P 
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nuclei in ( ;rnup 6 metal carbonyl complexes of the type [(0(')-'"I :<Ph2P):CHRJ l 
(R=alkyl or H) is sufficiently acidic to be removed by a strong base. 
KO Bu' 
It was McF arlane's research ~roup in 1982 that first synthesized the vdpp 
ligand. 1 
Then they used Jo.Ji it as a precursor to a range of potentially ~•mhi- and polydentate 
ligands, which have the further potential to coordinate one or more metal atoms in 
many different modes. These ligands were formed by addition to the double bond by 
species with P-H bonds (See Scheme 5). 
Scheme 5 
?h 
?~:;:i ? ?F'hz 
';-J \_/ 
?~'Zp 
l(1) 1(1) ~ 
?h H /·r (') [') 'll -
;\? ,/\ 
p F' F' ? ? :1 ? ? ?hz ?h2 F' F' ?~2 Ph2 
~ F'h1 ~?hi F'h2 F'h: Ph2 F'hz ?1'12 Phz 
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They found that the reaction is of wide scope owing to the enhanced reactivity of the 
double bond arising from the presence of the geminal diphenylphosphino groups 
even without any effect due to metal co-ordination. They also used 31 P NMR to 
study 32 in detail the reaction of elemental sulfur with~ and identified nine out of a 
possible total of nineteen products with one or more P=S bonds. 
In 1988, they reported 33 the preparation, characterization, NMR data and 
some reactions of the asymmetric unsaturated biphosphine 
1,1-bis(diphenylphosphino)prop-l-ene], which is potentially more valuable because 
Cl CH3 
\ I 
C=C + 2 Ph2PLi + 2 LiCI 
I \ 
Cl H 
1 
its asymmetry facilitates the measurement of more NMR parameters (notably 2J1,r) 
than vdpp, and because in reactions with chiral substrates it can yield 
diastereomeric products. They also reported 34 the preparation of five possible 
modes of complexes [(OC)5M(tppe)] (M=Cr, Mo, W) and their 31P NMR chemical 
shifts and coupling constants. 
However, in McFarlane's report 34, it was stated that the reaction of vdpp 
with (OC)5 WPPh2H, in refluxing THF in the presence of KOBd, affords complex~ 
in which tppe is bound as a bidentate ligand (see Scheme 6), and further it was 
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proposed that this reaction proceeds through intermediate..2, which was postulated 
Scheme 6 
C=CH2 + (OC)5 WPPh2H 
I 
Ph2P 
I Ph2P Ph2PW(CO):; 
I \ I 
--~ I /CH-CH2 
I 
LPh2P 
(CO).i 
w 
\ 
to be unstable with respect to chelation under the conditions of the reaction. Our 
research group found, 35 however, that complexes such as .2 are stable with respect 
to chelation when subjected to the reaction conditions described in reference 34, but 
unstable with respect to isomerization. 
Ph2P 
\ 
CHCH2PPh2 W(C0)5 ~ 
I 
Ph2P 
Ph2PW(C0)5 
I 
Ph2PCH2CH 
\ 
PPh2 
This linkage isomerization is the first experimental evidence for the exchange of 
terminal and coordinated phosphorus groups in pentacarbonyl complexes of group 6 
metals. 
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This work is a further study of the isomerization of complexes 
Mo, W). Our goal was to measure equilibrium constants at several temperatures in 
order to obtain the values for the change of enthalpy (aH 0 ), the change of entropy 
(aS 0 ), and the change of free energy (aG 0 } for the isomerization and from these 
studies determine the relative stabilities of the two linkage isomers. In addition, we 
planned to measure rate constants at several temperatures for the isomerization of 
W and Cr complexes. From these, the half reaction time (t112}, activation energy (Ea), 
enthalpy of activation (aH*), entropy of activation (aS*), and free energy of 
activation (aG*) could be calculated. Finally, from our thermodynamic and kinetic 
studies, we hoped to propose a mechanism for the isomerization. Phosphorus--31 
Nuclear Magnetic Resonance spectroscopy was applied to monitor the change of the 
concentration of the isomers. 
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Chapter II. Results and Discussion 
A. Synthesis Sequence of Isomers 
J.M=W 
)3) (Ph2P)2C=CH2 + CI2Pt(NCCH3) 2 ~ Cl2Pt(PPh2) 2C=CH2 + 2 CH3CN 
(4) W(CO),, + (CH3) 3NO + Ph2PH ~ (OC)5WPPh2H + C02 + Me3N 
(~) (OC)5 WPPh2H + Cl2Pt(PPh2) 2C=CH2 ~ CI2Pt(PPh2) 2CHCH2PPh2 W(C0)5 
( 
+ K2Pt(CN)4 + 2 KCI 
The method of oxidative decarbonylation, using (Cf\)3NO as an initiator, 
was used for the synthesis of (OC)5 WPPh2H. 36 
It's not possible to prepare .2 by reacting (OC).; WPPh2H with (Ph2P)2C=CH2 
because chelation occurs. 34 (C0)4 
w 
I \ 
(OC)5WPPh2H + (Ph2P)2C=CH2 --~ Ph2P PPh2 
\ I 
CH-CH2 
I 
Ph2P 
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In order to prevent chelation of tppe, C~Pt(PPh2)zCHCH2PPh2W(C0)5, which 
contains a PtC12 protecting group was prepared. Displacement of PtC~ with CN-
gives .2., which undergoes isomerization to give an equilibrium mixture of ..2 andl!). 
2. Jf=Cr 
/iv 
(7) Cr(C0)6 + THF ----;. (OC)5Cr(THF) +CO 
ll ll 
When we used the same method as for (OC)s WPPh2H to prepare 
(C0)5CrPPh2H, a mixture of trisubstituted, disubstituted, and monosubstituted Cr 
complexes was obtained, with the monosubstituted complex as the least dominant 
product. Therefore, instead of using oxidative decarbonylation, the method of 
photolysis was employed to synthesize crystals of (CO)sCrPPh2H. 
Even though we used PtC~ as a protecting group, a small amount of chelated 
Cr complexes was still obtained. Chromatography was applied to separate the Cr 
isomers ll and 12 from the mixture of chelated and unchelated Cr complexes. 
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3. J1=1~/o 
(10) (Ph2P)2C=CH2 + Ph2PH ~ (Ph2P)2CHCH2PPh2 
(11) Mo(C0)6 + C5H 10NH ~ (OC)sMo(C5H 10NH) +CO 
(12) (OC)5Mo(C5H10NH) + (Ph2P)2CHCH2PPh2 --P> 
(OC)s~Io[ri 1 -PPh2CH2CH(PPh2)2 ] """' (OC)5Mo[ri 1-PPh2CH(PPh2)CH2PPh2] 
13 14 
+C5H 10NH 
At first, we tried the same method as for W to prepare the Mo isomers. 
However, when we attempted to synthesize C~Pt(PPh2}2CHCH2PPh2Mo(C0)5, we 
found that it was unstable and difficult to separate from the reaction mixture. We 
then used the method of thermal substitution to prepare the Mo isomers (reaction 
12). Without the PtCl2 protecting group, a mixture of chelated and unchelated Mo 
complexes was obtained. Chromatography was used to separate the target Mo 
isomers, 13 and 14, from the mixture. 
B. Equilibrium Study of Isomerization of 
(OC)5M[n 1-PPh2CH2CH<PPh2} 2] and (0C)5M(n 1-PPh2CH(PPh2)CH2PPh2l 
(OC)5M[ri 1-PPh2CH2CH(PPh2) 2] """' (OC)5M[ri 1-PPh2CH(PPh2)CH2PPh2] 
A B 
The equilibrium constant can be expressed by 
K=[B]/[A] (eq-1) 
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where K is the equilibrium constant, and [B] and [A] are the concentrations of the 
two isomers. From thermodynamics, we have equations 
AG 0 = -RTln K = AH 0 -TAS 0 
In K = -AH 0 /(RT) + AS 0 /R 
(eq-2) 
(eq-3) 
where R is the gas constant, and AG 0 , AH 0 , AS 0 are the change of free energy, 
change of enthalpy, and change of entropy, respectively. The plot of In K versus 1/T 
will be linear. 
slope= -AH 0 /R 
intercept = AS 0 /R 
1.M=W 
(1) Equilibrium Constant, K 
(OC)5 W[ri 1- PPh2CH2CH(PPh2) 2] """ (OC)5 W[ri 1- PPh2CH(PPh2)CH2PPh2] 
A B 
Equilibrium constants at four different temperatures were obtained. 
T (°C) 10 25 40 55 
K 6.23 4.77 3.72 2.82 
(2) AH 0 , AS 0 , AG 0 
1/TX103 3.53 3.36 3.19 3.05 
lnK 1.829 1.562 1.314 1.035 
Plot In K vs. 1/T (see Fig. 18) 
slope= (1.6 ± O.l)xl03 
intercept = - 3.9 ± 0.5 
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aH 0 = -13.5 ± 0.8 kJ/mol 
aS 0 = -33 ± 4 J/mol·K 
at 25°C, aG 0 = aH 0 -TaS 0 = -3.9 ± 0.8 kJ/mol 
2.M=Cr 
(1) Equilibrium Constant, K 
(OC)5Cr[T)1- PPh2CH2CH(PPh2) 2] """ (OC)5Cr[T)1- PPh2CH(PPh2)CH2PPh2] 
A B 
Equilibrium constants at four different temperatures were obtained. 
T (°C) 10 
K 3.60 
(2) aH 0 , aS 0 , aG 0 
1/TX103 3.53 
lnK 1.281 
Plot In K vs. 1/T (see Fig. 19) 
slope= (1.5 ± 0.2)xl03 
intercept = -4.1 ± 0.6 
25 40 
2.61 2.08 
3.36 3.19 
0.961 0.730 
aH 0 = -13 ±2 
as 0 = -34±5 
at 25°C, aG 0 = aH 0 -TaS 0 = -2 ± 2 kJ/mol 
3.M=Mo 
(1) Equilibrium Constant, K 
55 
1.73 
3.05 
0.551 
kJ/mol 
J/mol·K 
(OC)5Mo[T)1- PPh2CH2CH(PPh2) 2] """ (OC)5Mo[T) 1- PPh2CH(PPh2)CH2PPh2] 
A B 
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Equilibrium constants at three different temperatures were obtained. 
T {°C) 10 17 25 
K 6.51 5.23 5.00 
(2) aH 0 , aS 0 , aG 0 
1/TX103 3.53 3.45 3.36 
lnK 1.873 1.655 1.609 
Plot In K vs. 1/T (see Fig. 20) 
slope = (1.5 ± 0.6)xl03 aH 0 =-12±5 kJ/mol 
intercept = - 3 ± 2 as 0 =-28±17 J/mol·K 
at 25°C, aG = aH 0 -TaS 0 = -4 ± 5 kJ/mol 
C. Kinetic Study of Isomerization of 
kr 
(OC)5M[11 1-PPh2CH2CH(PPh2) 2] ~ (OC)5M[11 1-PPh2CH(PPh2)CH2PPh2] 
kb 
A B 
This is a reaction in which both forward and backward reactions are first-
order, and which proceeds towards equilibrium. The net rate of disappearance of A 
is given by 
-d[A]/dt = k,[A] - ~[B] (eq-4) 
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where kr and ~ are rate constants of the forward and backward reactions, 
respectively. 
At equilibrium, 
-d[A]/dt = 0 
kr[A]eq = ~[B]eq 
[B]eq I [A]eq = K =kt!~ 
Also, from the stoichiometry, we have 
[A] + [B] = [A]o + [B]o = [A]eq + [B]eq 
(eq-5) 
(eq-6) 
(eq-7) 
(eq-8) 
Substitution of equations ( eq-7) and ( eq-8) into equation ( eq-4), and rearrangement, 
gives the relation 
-d[A]/dt = (k r + kb) ([A] - [A]eq) (eq-9) 
Integration between the usual limits gives 
In [A] - [A]eq) = -(kr + ~)t +In ([A]0 - [A]eq) (eq-10) 
Therefore, a plot of In ([A] - [A]eq) versus twill be linear 37 with 
slope = - (kr + ~) 
From the slope and equilibrium constant K, the individual forward and backward 
rate constants can be obtained. The half time to reach completion can be calculated 
by 
t112 =In 2/k 
The time to progress one-half the way toward equilibrium is given by 
t112' = In 2/(kr + ~) 
(eq-11) 
(eq-12) 
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From k, we can calculate the activation energy Ea by using the Arrhenius 
equation 
k =A exp[- Ea /(RT)] 
In k = In A - Ea /(RT) 
(eq-13) 
(eq-14) 
where A is a preexponential factor. A plot of In k versus 1/T gives a straight line 
with 
slope = - Ea /R 
The rate constant, k, is related to the free energy of activation,aG", by the 
equation 
k = (k'T/h) exp[-aG"/(RT)] 
where k' is Boltzmann's constant and his Planck's constant. Substituting 
aG" = aH" - TaS" 
gives 
k = (k'T/h) exp[-aH"/(RT)] exp(aS"/R) 
where aH" is the enthalpy of activation, and aS" is the entropy of activation. 
Rearranging and taking the logarithm gives 
In (k/T) = -aH"/(RT) +In (k'/h) + aS"/R 
and a plot of In (k/T) versus 1/T gives aH" from the slope and aS" from the 
intercept. 38 
slope = - aH" /R 
intercept= aS"/R +In (k'/h) 
(eq-15) 
(eq-16) 
(eq-17) 
(eq-18) 
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The value of LlS' is quite useful in determining the mechanism. Values of LlS' below 
- 10 eu indicate an associative reaction, and values of greater than + 10 eu indicate a 
dissociative reaction. 39• 40• 41 
From the value of LlG/ and LlGb', we can draw an energy diagram for the 
reaction. 
l.M=W 
A B 
Kinetic study for W was performed at three temperatures (l0°C, 25°C, and 
40°C). 
(1) k, t112 , and t112 ' 
[A] + [B] = 67 mg I (906.5 g/mol x 0.50 mL) = 0.15 M 
at l0°C: 
t (sec) [B]/[A] In ([A] - [A]eq) 
21180 3.15 -4.19 
96780 3.32 -4.29 
181200 3.65 -4.48 
273180 3.94 -4.66 
358260 4.19 -4.82 
525300 4.63 -5.15 
00 6.23 
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Plot In ([A] - [A]eq) vs. t (see Fig. 21) 
slope = (1.95 ± 0.09)xl0-6 
kr = (1.68 ± 0.09)xl0-6 sec-1 
~ = (2.7 ± O.l)x10-7 sec-1 
t112, r = 4. 78 days tl/2, b = 30 days 
t112 ' = 4.12 days 
at 25°C: 
t (sec) [B]/[A] In ([A] - [A]eq) 
0 2.91 -4.41 
19620 3.30 -4.73 
83040 4.01 -5.55 
104040 4.18 -5.83 
187080 4.56 -6.93 
00 4.77 
Plot In ([A] - [A]eq) vs. t (see Fig. 22) 
slope = (1.34 ± 0.04)x10-5 
kr = (1.10 ± 0.04)x10-5 sec- 1 
kb= (2.32 ± 0.08)xl0-6 sec- 1 
t 112, r = 17 .4 hours t112, h = 83.0 hours 
t112' = 14.4 hours 
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at 40°C: 
t (sec) [B]/[A] In ([A] - [A]eq) 
0 3.03 -5.10 
1813 3.22 -5.42 
3626 3.32 -5.62 
5439 3.33 -5.64 
7252 3.44 -5.93 
9065 3.50 -6.10 
00 3.83 
Plot In ([A] - [A]eq) vs. t {see Fig. 23) 
slope = (1.0 ± o.2)x10-4 
kr = (8 ± 2)x10-5 sec- 1 
~ = (2.1±0.5)x10-5 sec- 1 
tl/2,f = 2 hours 
t112' = 1.9 hours 
1/TX103 
3.53 
3.36 
3.19 
tl/2,b = 9.0 hours 
In kr In i<ii 
-13.3 -15.13 
-11.4 -12.98 
-9.4 -10.75 
Plot In kt- vs. l/T (see Fig. 24) 
slope= (-11 ± l)Xl03 
Plot In~ vs. l/T (see Fig. 25) 
slope = (-12.9 ± 0.9)Xl03 
l/Tx103 
3.53 
3.36 
3.19 
Plot In (kt- IT) vs. l/T 
slope= (-11 ± l)x103 
intercept = 20 ± 3 
at 25°C: 
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Ea,r~ 95 ± 8 
Ea,b = 107 ± 7 
In (kt-/T) 
-18.9 
-17.1 
-15.2 
(see Fig. 26) 
AH/ =93±8 
AS/= -27± 24 
kJ/mol 
kJ/mol 
kJ/mol 
In(~ /T) 
-20.77 
-18.67 
-16.50 
kJ/mol 
J/mol·K 
Plot In (~ /T) vs. l/T (see Fig. 27) 
slope= (-13 ± l)xl03 
intercept = 24 ± 3 
at 25°C: 
(4) Energy diagram at 25°C 
AHh* = 105 ± 8 kJ/mol 
ASb* = -0.42 ± 24 J/mol·K 
(see Fig. 28) 
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2.M=Cr 
kr 
(OC)5Cr[ri 1-PPh2CH2CH(PPh2) 2] ~ (OC)5Cr[ri1-PPh2CH(PPh2)CH2PPh2] 
kb 
A B 
Kinetic study for Cr was performed at two temperatures (10° C, 25 ° C). 
(1) k, t112 , and t112 ' 
[A]+ [BJ= 56 mg I (774.7 g/mol x 0.50 mL) = 0.14 M 
at l0°C: 
t (sec) [B]/[A] In ([A] - [A]eq) 
0 1.73 -3.84 
88620 1.76 -3.85 
180300 1.80 -3.90 
336480 1.83 -3.93 
515100 1.88 -3.98 
962520 2.01 -4.09 
1133160 2.07 -4.16 
1305840 2.11 -4.20 
1563720 2.14 -4.23 
00 3.60 
Plot In ([A] - [A]eq) vs. t (see Fig. 29) 
slope= (2.6 ± o.2)x10-7 
kr = (2.1 ± o.2)x10-7 sec- 1 
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~ = (5.7 ± 0.5)x10-s sec- 1 
t112 f = 39 
' 
days t112, b = 141 days 
t 1121 = 31 days 
at 25°C: 
t (sec) [B]/[A] In ([A] - [A]eq) 
0 1.77 -4.41 
15300 1.80 -4.45 
73680 1.90 -4.61 
99180 1.97 -4.75 
181980 2.02 -4.85 
350760 2.25 -5.40 
508260 2.36 -5.81 
608640 2.43 -6.14 
701760 2.48 -6.47 
00 2.61 
Plot In ([A] - [A]eq) vs. t (see Fig. 30) 
slope= (2.9 ± O.l)xl0-6 
kr = (2.1 ± O.l)xl0-6 sec- 1 
~ = (7.9 ± 0.4)x10-7 sec-1 
days t112, b = 10 days 
t 112' = 2.8 days 
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11TX103 
3.53 
3.36 
Plot In kc vs. llT (see Fig. 31) 
slope= - 13.0x103 
Plot In kt, vs. l/T (see Fig. 32) 
slope= -14.8xl03 
(3) aH", as", aG" 
11TX103 
3.53 
3.36 
Plot In (kc /T) vs. 1/T 
slope= -12.71xl03 
intercept = 23.88 
In kc 
-15.40 
-13.09 
kJ/mol 
E0 , b = 123 kJ/mol 
In (kc IT) 
-21.04 
-18.78 
(see Fig. 33) 
aHr" = 105. 7 kJ/mol 
aS/ = 0.97 J/mol·K 
at 25°C: aG/ = aHr" - TaS/ = 105.4 kJ/mol 
Plot In (kt, IT) vs. llT (see Fig. 34) 
slope= -14.5lxl03 aHb" = 120.7 kJ/mol 
intercept = 28.96 
at 25°C: kJ/mol 
In kt, 
-16.68 
-14.05 
In (kt, IT) 
-22.32 
-19.74 
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(4) Energy diagram at 25°C (see Fig. 35) 
3.M=Mo 
(OC)5Mo[T)1-PPh2CH2CH(PPh2) 2] ~ (OC)5Mo[T) 1-PPh2CH(PPh2)CH2PPh2] 
kb 
A B 
Kinetic study for Mo was performed at one temperature (l0°C). 
[A] + [BJ = 45 mg /(818.6 g/mol x 0.50 mL) = 0.11 M 
t (sec) [B]/[A] In ([A] - [A]eq) 
0 5.30 -5.88 
613 5.63 -6.25 
1226 5.67 -6.30 
1839 5.77 -6.42 
2452 6.38 -8.22 
3065 6.42 -8.57 
3678 6.09 -7.05 
4291 6.35 -8.03 
4904 6.49 -10.00 
00 6.51 
Plot In ([A] - [A]eq) vs. t (see Fig. 36) 
slope= (7 ± 3)x10-4 
kr = (6 ± 3)x10-4 sec-1 
t112, f = 19 
t112' = 17 
minutes 
minutes 
D. Mechanism of Isomerization 
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tl/2,b = 125 minutes 
The classification for ligand substitution gives dissociative (D), associative 
(A), or interchange (I0 or IA)· 42• 43· 44 In our research we found that addition of a 
five-fold excess of PPh3 to an equilibrium mixture of the two linkage isomers does 
not lead to the formation of (OC)5W(PPh3). Furthermore, there is no evidence that a 
phosphine-bridged complex such as (OC)s W[PPh2CH2CH(PPh2)PPh2]W(C0)5 forms 
in the isomerization of (OC)5 W[11 1- PPh2CH2CH(PPh2)2]. These two results made us 
believe that a true five-coordinate intermediate does not present itself during the 
isomerization and suggest that it does not proceed via a D mechanism. 
Abel and coworkers have examined a number of fluxional dithioether 
complexes, (OC)5 W[111- RSCH2SR] (R=alkyl), with variable temperature proton 
NMR and have proposed a pseudo-seven-coordinate transition state for the observed 
1,3-metal-sulfur shift. 45 It may be reasonable for us to propose a mechanistic model 
which is a 1,4-metal-phosphorus shift (see Scheme 7) that involves a similar 
transition state for our observed isomerization. In this model we assume that a 
nonbonded interaction may exist between a dangling phosphorus ligand and the four 
equatorial carbonyl groups cis to the bound phosphine. The interaction is viewed as 
.. 
~~Ph2 
Ph2P PPhz 
OC11.t,,\CO .;;::::::: 
oc~ 1 ""'co 
co 
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Scheme 7 
.. 
~PPh2 
Ph2P, ,PPhz 
' ' 
oc/,:'v;:,\co 
oc~ 1 ""'co 
co 
highly fluxional and does not result in loss of degeneracy of the four carbonyl 
groups. We further assume that the interaction is much stronger when the dangling 
phosphorus group is separated from the bound phosphorus group by one carbon 
atom than it is when a two-carbon-atom separation exists. Molecular models 
support this view. It is well known that the nature of a ligand in octahedral 
complexes strongly influences the rate at which ligands cis to it may be displaced ( cis 
labilization). 38• .u;, "7 Interaction of a dangling phosphorus ligand with the equatorial 
carbonyl groups in the ground state may lead to a weakening of the metal-
phosphorus bond, allowing the third arm of the ligand to displace the bound 
phosphorus group (see Scheme 8). 
Scheme 8 
p 
(OC) 4W-P~ 
I P c 
I 
0 
It is also possible that the dangling ligand/carbonyl interaction is not a 
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ground state effect, but serves to stabilize the transition state. In either case, the 
interaction could lead to a significant lowering of the energy of activation for 
isomerization. 
The presence of a dangling phosphine/carbonyl interaction also would 
account for the observation that (OC)s W[111- PPh2CH2CH(PPh2) 2] is less stable than 
(OC)5W[111-PPh2CH(PPh2)CH2PPh2]. In the latter complex two interactions 
involving phosphino groups would exist, one to the metal and one to the carbonyls, 
while in the former only the metal-phosphine interaction would be significant. Our 
results which showed that the former isomer gains in relative stability as the 
temperature is increased supported this suggestion because the weak carbonyl 
interaction becomes less important as a result of entropy increases accompanying 
ring opening. In other words, the forward reaction shown in Scheme 8 is enthalpy 
driven, while the backward reaction is entropy driven. 
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Chapter III. Experimental Section 
A. General Considerations 
All reactions were carried out under a nitrogen atmosphere. 
Tetrahydrofuran (THF) was predried over calcium hydride (Cal\) and was freshly 
distilled from sodium and benzophenone as needed. All other solvents were used 
without further purification. Metal hexacarbonyls, phosphines, and other chemicals 
were obtained from various commercial suppliers and were used without further 
purification. The butyl lithium was standardized by diphenylacetic acid. 48 
The IR spectra were obtained by using a Nicolet 20 DXB Fourier Transform 
spectrometer. Dichloromethane (CH2Cl2) was used as solvent. 
Elemental analyses were obtained by the Microanalytical Laboratory, 
University of Illinois at Urbana. 
All melting and decomposition points were taken with an Arthur H. Thomas 
Unimelt apparatus, and were reported uncorrected. 
B. Equilibrium and Kinetic Studies 
31P{1H} NMR spectra were obtained by using a General Electric QE-300 
spectrometer. Deuteriochloroform (CDC13) and phosphoric acid (85% H3P04) were 
used as solvent and external reference, respectively. 
NMR tubes each containing 45-65 mg of a mixture of the isomers 
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(OC)5M[ri1- PPh2CH2CH(PPh2) 2] and (OC)5M[ri1- PPh2CH(PPh2)CH2PPh2] (M=Cr, 
Mo, W}, dissolved in 0.50 mL of CDC13, were sealed under nitrogen and placed in a 
constant temperature bath. 31P {1H}NMR spectra of the isomers were taken 
periodically until a constant ratio of isomers was obtained. A delay time of 15 sec 
was used in order to insure sufficient relaxation to allow meaningful integration to 
be obtained. Equilibrium constants for the Cr and W isomers were obtained at four 
different temperatures (10°, 25°, 40°, and 55°C}. Equilibrium constants for the Mo 
isomers were found at three different temperatures (10°, 17°, and 25°C). Kinetic 
experiments were performed at three different temperatures (10°, 25°, and 40°C) 
for Cr and W isomers and at one temperature (l0°C) for Mo isomers. The relative 
concentrations of the isomers in the sealed NMR tubes were determined by the 
integration of the signals from the phosphorus in the isomers. 
C. Synthesis 
1. Preparation of(Phi1')2C=CH2 (vdpp) 
The liquid, Ph2PH ( 45.8 mL, 0.263 mol), was dissolved in 100 mL of dried 
THF. The same number of moles ofBuLi (65 mL of 2.25 M, 114 mL of 1.02 M) was 
added to the Ph2PH solution. A syringe was used to transfer PhzPH to THF and to 
transfer BuLi to the Ph2PH solution. The solution turned to a red color. 
The resulting Ph2PLi solution was added dropwise into 12.80 g (0.132 mol) of 
Cl2C=CH2 • After the slow addition (12 hours) of Ph2PLi to Cl2C=CH2, the dark 
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brown solution was allowed to stir for 6 hours. To this solution was added dropwise 
120 mL of dilute hydrochloric acid (HCl) over 2 hours. The dark color of the 
solution slowly disappeared and two layers developed. The more dense water layer 
was extracted with two 25 mL aliquots of diethyl ether. The water layer was 
discarded. The solvent of the combined organic layers was removed by high 
vacuum. The residue consisted of a yellow solid mass. To this residue was added 
150 mL of absolute alcohol and the mixture was placed in the freezer for two days. 
The light yellow solid was collected by filtration (23.4 g) and the filtrate was 
discarded. The melting point of the solid was 100-103 °C. The solid was dissolved 
in 40 mL of dichloromethane and filtered to remove traces of insoluble salts. To the 
dichloromethane solution was added 150 mL of methanol. Within 5 minutes, white 
crystals began to form. The mixture was placed in the freezer for 6 hours after 
which 20.6 g of white solid was collected by filtration. The melting point of this 
product was 109-109.5°C. The solid was air-dried without dissembling the 
filtration apparatus. More precipitate formed in the filter flask. This (0.5 g) was also 
collected by filtration. Again more precipitate (0.8 g) formed in the filter flask and 
was collected. The total yield was 21.9 g. The percentage yield was 41.9%. Melt. 
pt.= 109-109.5°C; 31P{1H} NMR: o -3.1ppm. 1• 14 
2. Preparation of Cl2Pt(Ph 2P) 2C=CH2 
A mixture of 1.00 g (2.87 mmol) Cl2Pt(NCCH3) 2 and 1.14 g (2.87 mmol) of 
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(Ph2P)2C=CH2, dissolved in 25 mL CH2Cl2, was stirred at room temperature for 24 
hours. The cream-colored solution was placed in a freezer for 0.5 hour after which 
it was filtered. A white powder (1.56 g, 82.1 % yield) was collected. Melt. pt.= 
343-345°C; 31P{1H} NMR: o -31.5 ppm (1JPtr= 3250 Hz). 25 
3. Preparation of (OC)5WPPh;H 
To the mixture of 5.08 g (14.4 mmol) ofW(C0)6 and 1.58 g (14.2 mmol) of 
{H3C)3NO, dissolved in 30 mL CH3CN, was added 2.70 mL (15.6 mmol) Ph2PH via 
syringe. The yellow solution was stirred for 72 hours at room temperature, after 
which 50 mL CH30H was added. The solution was placed in a freezer for 24 hours. 
One-half of the solvent was removed under vacuum. Again the solution was placed 
in freezer for 24 hours and then filtered to give a yellowish solid, from which 
unreacted W(C0)6 was sublimed. The yellow solid was recrystallized with 
CH2Cl2/MeOH and 4.52 g (61.5%) of pale yellow crystals were obtained. Melt. pt.= 
78-82°C; IR[v(C=O) (cm- 1)]: 1941(vs),2074 (m); 31P{1H} NMR: o -13.1 ppm (1Iwr 
= 228.6 Hz). 36• 49 
4. Preparation of Cl:zPt(PPhi)2CHCH:zPPh2W(C0)5 
The Cl2Pt(PPh2) 2C=CH2 (1.41g,2.13 mmol) and (OC)5WPPh2H (1.09 g, 2.13 
mmol) were dissolved in 40 mL dry THF. After stirring at room temperature with 
0.118 g (1.06 mmol) KO Bu• for 24 hours and refluxing for 2 hours, the mixture was 
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allowed to cool to room temperature. The solvent was removed under vacuum. 
Recrystallization from CH2ClzfMeOH gave 1.12 g of white solid (yield 44.9%). Melt. 
pt.= 215°C; IR[v(C=O) (cm- 1)]: 1939 (vs), 2073 (m); 31P{1H} NMR: o 17.7 ppm 
(1Iwr = 246 Hz, 3Irr = 4.5 Hz), -37.4 ppm (1JPtP = 3077 Hz, 3Jpp = 4.5 Hz). Anal. 
Calcd. for C43H33Cl20 5P3PtW: C, 44.05%; H, 2.84%. Found: C, 44.14%; H, 2.88%. 
5. Preparation o/(OC)5Wfri 1-PPh2CH2CH(PPhi)J and 
(OC) 5Wfri 1-PPh2CH(PPhi)CH2PPhJ 
A mixture of Cl2Pt(PPh2) 2CHCH2PPh2W(C0)5 (0.900 g, 0.768 mmol) and 
KCN (0.220 g, 3.38 mmol) in 40 mL absolute ethanol was stirred for 4 hours at room 
temperature. The mixture was filtered and the solution from the filtration was 
taken to dryness and gave a pale yellow solid. It was extracted with 25 mL CJ\Cl2• 
The extract was taken to dryness and recrystallized with CJ\ClzfMeOH to give a 
white solid, shown by 31P{1H} NMR to be a mixture of the two W isomers. 31 P{1H} 
NMR: o 34.1 ppm (1Iwr = 247.2 Hz, 2Irr = 209.2 Hz, 3Jpp = 22.2 Hz), 13.7 ppm (1Iwr 
= 247.2 Hz, 3Jpp = 7.2 Hz), -3.7 ppm (3Jpp =7.2 Hz), -9.0 ppm (2Irr = 209.2 Hz), 
-16.0 ppm ( 3 Irr= 22.2 Hz). 34 
6. Preparation of (OC)5CrPPhP 
In a quartz reaction vessel equipped with a UV lamp of 400 watts were 
added Cr(C0)6 (5.00 g, 22.7 mmol) and 250 mL dry THF. The solution was purged 
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with N2 for 30 min. The UV source was then turned on and the sample was 
irradiated for 6 hours. The solution turned to a golden color. The UV source was 
then turned off and PhzPH (3.95 mL, 22. 7 mmol) was added via a syringe. The 
solution was stirred for 1 hour and then taken to dryness under vacuum and 
reduced to an oily mass. Methanol (20 mL) was added and the mixture was filtered 
to remove unreacted Cr(C0)6• The filtrate was taken to dryness under vacuum and 
CH2Cl2 (2 mL) was added and then MeOH (8 mL) was added. The solution was put 
into freezer for 10 days. Filtration gave 1.80 g of light yellow crystals (yield 21.0%). 
Melt. pt.= 63-65°C; IR[v(C=O) (cm- 1)]: 1943 (vs), 2066 (m); 31 P{1H} NMR: o 33.6 
ppm. 36,so 
7. Preparation of Clj't(PPh)2CHCHj'Ph2Cr(C0)5 
A mixture of Cl2Pt(PPh2) 2C=CH2 (1.15 g, 1.74 mmol) and (OC)5CrPPh2H 
(0.656 g, 1.74 mmol) was dissolved in 40 mL dry THF. After stirring at room 
temperature with KOBu1 (0.0998 g, 0.888 mmol) for 24 hours and refluxing for 2 
hours, the mixture was cooled to room temperature. The solvent was removed 
under vacuum. Recrystallization with CH2ClzfMeOH gave 0.930 g of yellow solid 
(yield 51.5%). Decomp. pt.= 180-182°C; IR[v(C=O) (cm- 1)]: 1940 (vs), 2065 (m); 
31P{1H} NMR: o 57.4 ppm (3Jpp = 4.5 Hz), -36.9 ppm (1Jp1p = 3077 Hz). Anal. Calcd. 
for C43H330 5P3CrPtCl2: C, 49.63°/o; H, 3.20%. Found: C, 49.60%; H, 3.30%. 
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8. Preparation of(OC)5Crfri 1-PPh2CH2CH(PPhi)J and 
(OC)5Crfri1-PPh2CH(PPhi)CHiPPhJ 
A mixture of Cl2Pt(PPh2) 2CHCH2PPh2Cr(C0)5 (0. 705 g, 0.677 mmol) and 
KCN (0.176 g, 2. 71 mmol) in 50 mL absolute ethanol was stirred for 54 hours at 
room temperature. The yellow, cloudy mixture was then taken to dryness by 
removing the solvent under vacuum. The solid was extracted by 30 mL CJ\Cl2• 
The extract was put under vacuum to remove half of the solvent and 20 mL MeOH 
was added to the extract. The extract was put into freezer for 2 hours and then was 
filtered. The solution from the filtration was taken to dryness under vacuum and 
gave yellow solid. The solid was chromatographed on an A~03 column. The first 
yellow band (solvent CH2Cl/hexane with volume ratio 2:3) was collected and the 
solvent was removed under vacuum. Recrystallization with CH2Cl/MeOH gave a 
yellow solid. 31P{'H} NMR: o 68.5 ppm (2Irr = 194.2 Hz, 3Irr = 20.1Hz),51.5 ppm 
( 3 Irr = 2.8 Hz), -3.0 ppm ( 3 Irr = 2.8 Hz), -11.2 ppm ( 2 Irr = 194.2 Hz), -15.8 ppm 
(3 Jpp = 20.1 Hz). 34 
9. Preparation of(OC)sMoPPhfi 
A solution ofMo(C0)6 (4.38g,16.6 mmol) and 100 mL 1,2-dimethoxyethane 
in a 250 mL round bottom flask was heated for 30 minutes and then 2.89 mL (16.6 
mmol) of Ph2PH was added to the solution through a side arm using a syringe. The 
solution was allowed to reflux for 3 hours. After cooling to room temperature, the 
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solvent was removed via vacuum distillation until an oily residue was obtained. The 
oil was dissolved in 10 mL CH2Cl2 and 10 mL MeOH was added to facilitate 
crystallization. The solution was placed in freezer. Filtration gave 3.64 g of light 
gray crystals (yield 51.9%). Melt. pt.= 80-80.5°C; IR[v(C=O) (cm- 1)]: 1950 (vs), 
2076 (m); 31P{1H} NMR: o 7.2 ppm. 36• 50 
10. Preparation of (Pk}') 2CHCH}'Ph2 (tppe) 
A mixture of (Ph2P)2C=CH2 (1.16 g, 2.91 mmol) and KOBut (0.20 g) were 
dissolved in 20 mL dry THF. 0.507 mL (2.91 mmol) PbiPH was added to the 
solution via a syringe. The solution turned to an orange color. After refluxing for 
0.5 hour, the solution was cooled to room temperature. Solvent was removed under 
vacuum. After adding 15 mL EtOH, the orange oily residue gradually disappeared 
and a white gummy residue formed. When the orange color completely 
disappeared, the solvent was discarded. The white gummy residue which remained 
was dissolved in 4 mL CH2Cl2 and 8 mL MeOH was added. The solution was placed 
in freezer for 24 hours. It was removed from freezer and stirred for 1 hour, after 
which it was returned to the freezer. After 24 hours, white solid was obtained. 
Recrystallization with CH2Cl2/MeOH gave 0.883 g of white solid. The filtrate was 
returned to the freezer. After 2 days, 0.205 g of additional white solid was collected 
(yield 64.1%). Melt. pt.= 95-96°C; 31P{1H} NMR: o -19.1 ppm, -3.3 ppm (3Jpp = 
27. 7 Hz). 34, 51 
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11. Preparation of(OC)sMo(CPu/VH) 
A mixture ofMo(C0)6 (2.00 g, 7.58 mmol) and piperidine (0.749 mL, 7.58 
mmol) was dissolved in 40 mL toluene (not very soluble) and refluxed for 4 hours. 
The mixture was then filtered and the solution was put under vacuum to remove the 
solvent. Water and dilute HCl was added to the residue to remove the unreacted 
piperidine. The solid was collected by filtration and washed with }\O to give 0.625 g 
of brown-yellow solid (yield 25.7%). Melt. pt.= 80-81 °C; IR[v(C=O) (cm- 1)]: 1921 
(m), 1940 (vs), 2073 (w). 52• 53 
12. Preparation of (OC)sMofT}1-PPh2CH2CH(PPhi)J and 
(OC)sMofT}1-PPh2CH(PPhi)CHiPPhJ 
A mixture of (OC)5Mo(pip) (0.372 g, 1.16 mmol) and tppe (0.674 g, 1.16 
mmol) was dissolved in 10 mL toluene and was stirred at room temperature for 24 
hours. The solvent was removed under vacuum and gave oily residue to which 2 mL 
CH2Clif8 mL MeOH were added and the mixture was put into freezer. After 24 
hours, it was filtered and a yellow solid was obtained. The 31P {1H}NMR spectrum 
showed that it was a mixture of the target Mo isomers and several chelated Mo 
complexes. The solid was separated by AI.i03 column chromatography with the 
solvent of CH2Clifhexane (volume ratio 1:2). The first yellow band was collected 
and was put under vacuum to remove the solvent. 31P{1H} NMR: o 50.5 ppm (2Jpp = 
214.2 Hz, 3 Jpp = 19. 7 Hz), 31.5 ppm (3 Jpp = 8.4 Hz), -3.9 ppm (3 Jpp = 8.6 Hz), -10.0 
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ppm (2Jpp = 214.2 Hz), -15.9 ppm (3Jpp = 19.7 Hz). 34 
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